In this study, a residual stress analysis is carried out on symmetric and antisymmetric cross-ply and angleply thermoplastic simple supported laminated plates for transverse loading. Low density polyethylene thermoplastic matrix (LDPE) and woven Ni-Cr fibers are used to produce the composite plates by using moulds. First order shear deformation theory and nine nodes Lagrangian finite element are used. A mathematical formulation is given for the elasto-plastic stress analysis of a laminated plate for small deformations. Yield points and stresses are obtained for symmetric and antisymmetric simple supported laminated plates with a square hole. Residual stresses in thermoplastic plates are given in tables. The expansion of plastic zones is illustrated for 200, 400 and 600 loading steps. Yield points and the expansion of plastic zones are compared for different plates. Mechanical properties of a layer are obtained experimentally. The intensity of the residual stress components is maximum near the square hole.
INTRODUCTION
Among fiber-reinforced composites, thermoplastic matrix composites are gaining popularity due to many Author to whom correspondence should be addressed. E-mail: halilaykul@gazi.edu.tr advantages. They offer in relation to thermoset composites systems including among others, improved interlaminar fracture toughness, increased impact resistance, and higher solvent resistance. In addition to their competitive mechanical properties, thermoplastic composites do not require complex chemical reactions to be processed and can be formed without a lengthy curing process. These features offer engineers a potential for cost-effective forming processes and the capability of the integrating material processing and structure design into a single step. Residual stresses in the matrix are particularly important because they may lead to premature failure. Prediction and measurement of residual stresses are therefore important in relation to production, design and performance of composite components. Akay and özden (1994) measured the thermal residual stresses in injection moulded thermoplastics by removing thin layers from specimens and measuring the resultant curvature or the bending moment in the remainder of the specimens. Akay and Özden (1996) investigated the influence of residual stresses on the mechanical and thermal properties of injection moulded ABS copolymer and polycarbonate. Jeronimidis and Parkyn (1998) obtained residual stresses in carbon fibre-thermoplastic matrix (ICI pic.) laminates. Structural polymer composite materials used for aerospace and automotive applications may exhibit time-dependent creep or relaxation behavior because of the viscoelastic behavior of polymer matrix and/or fiber materials. It has been found that creep deformation shows similarities to plastic deformation. Chung et cd. (Wen et al. 1997) . This method appears to be an attractive way of applying finite element models in the prediction of viscoelastic properties for composites.
In the present study, woven Ni-Cr fibers reinforced thermoplastic composite laminated clamped plates are loaded transversely. Elastic, elasto-plastic and residual stresses and the expansion of the plastic zone are carried out by using finite element method for small deformations. In the solution, the Tsai-Hill theory is 
where u 0) v 0 and w represent the displacements of a point of the middle surface in the direction of x, y and ζ axes, respectively. The bending strains vary linearly through the thickness of the plate given below as, (6) According to the potential energy principle, equilibrium requires that dn = 0, which may be regarded as the principle of virtual displacement for the plate element /18/.
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In order to find the elastic-plastic solution of the laminated plate, a nine node finite element was used.
Using the minimum potential energy principle, bending and shear stiffness matrices are obtained as,
where, In the elastic-plastic solution, the tangential modular matrix is used instead of the elasticity matrix /20/. The yield function f is,
ί=σ,-σ 0 (9)
where a e and σ 0 are the effective stress and yield stress, respectively. The tangential modular matrix is obtained as, Since the calculated stresses do not generally coincide with the true stresses in a non-linear solution , the unbalanced nodal forces must be found. The equivalent nodal point forces at each load step can be calculated as:
The unbalanced nodal forces can be found by, Table 1 . It is assumed that the yield points Z, in the ζ direction, are equal to Y, in the y direction because of the same fiber orientation. And also the yield points τ, 3 and τ 2 3 are assumed to be equal to the yield points of Xi 2 .
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RESULTS AND DISCUSSION
£00 load steps 400 load steps G00 load steps plates is shown in Figure 4 . As seen from this figure, the intensity of the residual stress components of a x is maximum around the rectangular hole.
The expansion of the plastic zone for symmetric angle-ply [(15°/-15°) 2 ] laminated plate is shown in Figure 5 . Residual stresses at the upper surface of the angle-ply laminated plates (at the points A, B, C, D, E) for 600 load steps are shown in Table 4 . As seen from the Tables when we increase the load steps the residual Table 5 . for 600 load steps are shown in Table 6 . As seen from Table 5 and Table 6 , the stress components are different for the antisymmetric laminated plates at the upper and lower surfaces.
The transverse uniform load at the yield points of the antisymmetric cross-ply [(0°) 2 /(90°) 2 ] and angle-ply
ated plates are given in Table 7 .
Residual stresses (at the points A, B, C, D, E) the upper surfaces of the cross-ply [(0°) 2 /(90°) 2 ] and angle-
laminated plate for 600 load steps are shown in Table 8 .
Residual stresses (at the points A, B, C, D, E) the Table 5 Residual stresss components in the antisymmetric cross-ply and angle-ply simple supported laminated plates of upper surface for 600 load steps. laminated plate for 600 load steps are shown in Table 9 .
The distribution of residual stress σ" for 600 load 2 ] laminated plates is shown in Figure 9 . As seen from this figure, the intensity of the residual stress components of σ χ is maximum around the rectangular hole. Distance from hole to stppoit (mm) Fig. 9 : The distribution of residual stress σ χ for 600 load steps at the antisymmetric cross-ply and angle-ply laminated plates
